Eight steroidal saponins (1-8), including one previously unreported derivative (1), have been isolated from the mesocarp of Raphia farinifera fruits by combined column chromatography and RP-HPLC methods. They were characterized by spectroscopic (1D and 2D NMR experiments) and spectrometric (ESIMS) methods, as well as by comparison of their spectral data with those of reported compounds in the literature. All the isolated compounds were tested for cytotoxicity against urinary bladder carcinoma cells (ECV-304). Our results revealed that, for a high cytotoxicity, a sugar chain of at least three sugar moieties attached to C-3 of the steroidal saponin is necessary.
Raphia farinifera (Gaertn.) Hyl., syn. R. ruffia Jacq.(Mart.), commonly known as Raffia, is a member of the Arecaceae (Palmae, Palmaceae) family growing in the western part of Cameroon. After extensive studies in the western highlands of Cameroon, R. farinifera was identified by as the dominant species in the area [1] . It is a large feather palm of Africa and Madagascar having very long pinnatisect fronds yielding a strong commercially important fiber from its leaf stalks. It grows in wetlands, especially around flood plains and river valleys in the fresh water swamps reaching a height of 9 m, and possesses breathing roots thereby adapting it for life/support in water logged soils. The plant sap is a variety of palm wine drunk by nursing mothers to increase lactation [2] . At maturity the inner section of the fruit obtained is considered as a stimulant, appetizer and aphrodisiac in the north-western region of Cameroon, and the dried fruits are used for the treatment of filariasis [3] . The fruit mesocarp of the co-generic species, R. hookeri is used in Nigeria to stupefy fish while the plant has been shown to have an equally beneficial therapeutic property and is part of a recipe for arrow poison. Also, its yellow oily fruit pulp has laxative and anti-inflammatory properties [4] . Toxicity studies showed that an aqueous extract of R. farinifera fruits is a fish poison (ichthyotoxicity) and although its preliminary phytochemical screening revealed the presence of higher concentrations of saponins and other phytoconstituents [5] , only one of these saponins has until now been elucidated [6] . In our continuous search of bioactive steroidal saponins from Camerounian medicinal plants [7] [8] [9] [10] , the mesocarp of R. farinifera fruits was investigated and this paper reports the isolation, characterization and antiproliferative activity of eight steroidal saponins isolated from this plant growing in the western part of Cameroon.
The air dried mesocarp of the fruits of R. farinifera were pulverized and defatted by maceration at room temperature with n-hexane followed by extraction of the residual powder at room temperature with 95% MeOH. The filtrate was concentrated to dryness and dissolved in water followed by successive partition with EtOAc and n-butanol. The n-butanol soluble part, on fractionation by column Generally its proton and carbon NMR spectra were quite similar to those of compound 8 (Table 1) , revealing 1 to be a cholest-5-ene-3,16,22,26-tetrol derivative too, with one glucose moiety attached to the hy droxy l at C-26, as well as an α -Lrhamnopyranosyl-(1→2)-β-D-glucopyranosyl residue linked to the aglycon at position 3. Careful analysis of these spectra revealed differences for the NMR data of the side chains of these two compounds. The proton and carbon data of the side chain of compound 8 were superimposable with those of bethosides B and C earlier described by Challinor et al. [11] and thus confirming the stereochemistry (22S, 25R) for compound 8. The differences observed mostly concerned C-23 C-22, C-21 and C-20 (Table 1) , and careful analysis in comparison with those of bethosides B and C [11] revealed that the orientation of the OH group at C-22 in compound 1 is α (22R) rather than β (22S), as in compound 8. The similarity of the NMR data of C-25, C-26 and C-27 for compound 1, 8 and bethosides B and C [11] indicated that the stereochemistry at C-25 (25R) is identical for these compounds. The identification of D -glucose and L -rhamnose, including their absolute configurations, was carried out by direct HPLC analysis of the hydrolysate obtained after the acid hydrolysis of compound 1 with 1 M HCl. Thus, compound 1 was elucidated as (
Compounds 2-8 were identified as prosapogenin A of dioscin (2) [12, 13] , deltonin (3) [14, 15] The acid hydrolysis of all the isolated saponins was also performed on TLC using the method described by Li et al. [19] . As such, the sugar part of each of them mainly consisted of D-glucose (R f : 0.26) and L-rhamnose (R f : 0.51) by co-TLC comparison with standard sugar samples eluted with CHCl 3 -MeOH-H 2 O (64:36:8) [20] .
Steroidal saponins are reported to possess a wide range of biological actions, including cytotoxic activity [21] . Thus, all the isolated compounds were tested for cytotoxicity against urinary bladder carcinoma cells (ECV-304). Compounds 3, 4 and the mixture of 5/6 were most toxic with IC 50 values of 3.6 µg/mL, 2.9 µg/mL and 4.0 µg/mL (3.38 µM, 2.40 µM and 3.24 µM), respectively, whereas compounds 1 and 8 showed moderate toxicity with IC 50 values of 11.4 µg/mL and 15.7 µg/mL (12.6 µM, 17.3 µM), respectively, and compounds 2 and 7 were inactive (IC 50 values above 20 µg/mL). For comparison, the IC 50 value of β-escin was determined to be above 50 µg/mL (44.2 µM) in this assay. Our results thus revealed that for a pronounced cytotoxicity, a sugar chain of at least three sugar moieties attached to C-3 of the steroidal sapogenin is necessary.
In order to find out more about their possible mechanisms of action, the compounds were also tested for membrane toxicity in the LDH assay. Here it could be demonstrated that the toxicity of compounds 4 and 5/6 is mainly due to membrane toxicity (LDH liberation > 60 % at 25 µg/mL for both compounds), whereas the others seems to act via a direct influence on the mitochondrial metabolism, since no pronounced LDH liberation was observed.
Steroidal saponins from mesocarp of Raphia farinifera fruits
Natural Product Communications Vol. 10 (11) [18] . Thus, the present study extends the knowledge about the steroidal saponin constituents of R. farinifera. From the toxicity results for these isolated saponins against urinary bladder carcinoma cells (ECV-304), it could be deduced that their high activity relies not on the nature of the aglycone, but rather to the number of sugar moieties contained on the chain at C-3. As such, a sugar chain of at least three sugar moieties attached to this position was necessary for high toxicity.
Experimental
General: Optical rotation was measured on a Perkin-Elmer 241 MC polarimeter. ESI mass spectra were measured on an Agilent 6210 ESI-TOF mass spectrometer (Agilent Technologies, Santa Clara, CA, USA).
1 H NMR, 13 C NMR, COSY, HSQC, HMBC, and NOESY spectra were obtained in deuterated pyridine on a Bruker AVANCE 700 spectrometer (Bruker, Germany) at 700 MHz/175 MHz. All chemical shifts (δ) are given in ppm with reference to tetramethylsilane (TMS) as internal standard and the coupling constants (J) are in Hz. Column chromatography was performed using 70-230 mesh and 230-400 mesh silica gel 60 (Merck). Preparative high performance liquid chromatography (HPLC) was performed with a Shimadzu LC-8A pump connected to a Shimadzu SPD-20AV UV/vis detector and a SepServ ultrasep ES 250 x 8 mm column (Pharm: RP18 7MY, SepServ, Berlin, Germany). The flow rate was 1.5 mL/min; 0.6 mL solution was injected each time and the detection wavelength was set at 200 nm. TLC was carried out on precoated silica gel 60 F 254 (Merck) plates which were visualized by spraying with 50% H 2 SO 4 and heating for 10 min at 110°C.
Plant material:
The fruits of R. farinifera were collected in November 2012 in swampy land of Bafou village near Dschang city (west region of Cameroon). They were identified by Mr J. P. Dondjang, botanist at the Department of Forestry, University of Dschang, Cameroon; a voucher specimen has been kept in our Laboratory (Ref.: LACAPE 0002).
Extraction and isolation:
The fresh fruits of Raphia farinifera were spread out in the sun for a week to enable the softening and easy removal of the mesocarp. The air dried mesocarp (5 kg) was pulverized and defatted by extraction 2 times (each time for 24 h) at room temperature with n-hexane (15 L). After filtration, the residual powder was extracted with 95% methanol (10 L x 2) by maceration at room temperature and filtered. The filtrate was concentrated to dryness in vacuo to give the MeOH extract (328 g). Part of this extract (200g) was suspended in distilled water (500 mL) and partitioned with EtOAc (4 x 300 mL) and n-BuOH (4 x 300 mL), successively. The EtOAc and n-BuOH solvent fractions were then concentrated to dryness in vacuo yielding 65 and 123 g of extracts, respectively. Part of the n-BuOH extract (100 g) was fractionated by subjecting it to silica gel 60 (70-230 mesh) CC with a gradient elution system of ethyl acetate-methanol (100: 0 →70: 30). The eluates (each about 250 mL) obtained from the column were analyzed by normal phase TLC and those having similar characteristics were combined and evaporated to dryness to afford 9 main fractions (F1→F9). Fraction F4 (6g) eluted by EtOAc-MeOH (90:10) upon recrystallization in MeOH and multiple chromatographic steps over silica gel 60 (230-400 mesh) using 
Cytotoxicity test

MTT -assay:
The cytotoxicity of the saponins was estimated using the MTT-assay [22] . ECV-304 cells (urinary bladder carcinoma cells) were grown for 24 h at 37°C/5% CO 2 in Dulbecco's MEM without phenol red with 10% FCS (fetal calf serum), 5% glutamine, 10% HEPES in 96-well plates at a density of 5000 cells/well. Different concentrations of saponins (2.5-20µg/mL) were used and the cell viability was measured by MTT-assay using DMSO to dissolve the formed purple formazan. The absorbance was quantified at 560 nm with an ELISA plate reader. The cytotoxicity was calculated by comparing untreated wells with saponin-treated wells. Data are presented as the mean of 5 parallel samples for each concentration and the IC 50 values were calculated by linear regression.
LDH-assay:
For the determination of membrane toxicity, ECV-304 cells were grown for 24 h at 37°C/5% CO 2 in Dulbecco's MEM without phenol red with 10% FCS (fetal calf serum), 5% glutamine, 10% HEPES in 96-well plates at a density of 2000 cells/well. Medium was changed against Dulbecco's MEM without phenol red with 1% FCS, 5% glutamine, 10% HEPES with dissolutions of saponins in different concentrations (12.5-100µg/mL). Cells were incubated with the saponins in the medium for 2 h followed by the application of 100 µL/well assay-dye in assay-buffer (Cytotoxicity Detection KitPLUS (LDH)). The absorbance was quantified at 450 nm with an ELISA plate reader. The cytotoxicity was calculated by comparing wells treated with saponins with untreated wells. 1944 Natural Product Communications Vol. 10 (11) 2015 Tapondjou et al.
